Sodium retention and volume overload are the main determinants of poor response to reninangiotensin-aldosterone system (RAAS) inhibition in patients with diabetes. As volume excess can exist without symptoms, biomarkers are needed to identify a priori which patients are volume overloaded and may experience less benefit from RAAS inhibition. N-terminal pro-brain natriuretic peptide (NT-proBNP) is released in the setting of increased cardiac wall stress and volume overload. We conducted a post hoc analysis among 5081 patients with type 2 diabetes mellitus participating in the ALTITUDE trial to investigate whether NTproBNP can predict the effects of additional therapy with aliskiren on cardio-renal endpoints. Aliskiren compared to placebo reduced the risk of the primary cardio-renal endpoint events by 20% (95% confidence interval [CI] 16 to 61) and 2% (95% CI -42 to 30) in the two lowest NT-proBNP tertiles, and it increased the risk by 25% (95% CI -4 to 96) in the highest NT-proBNP tertile (P value for trend = 0.009). Similar trends were observed for the cardiovascular and end-stage renal disease endpoints. Effects of aliskiren compared to placebo on safety outcomes (hyperkalaemia and hospitalization for acute kidney injury) were independent of NT-proBNP. In conclusion, baseline NT-proBNP may be used as a marker to predict the response to aliskiren with regard to cardiorenal outcomes when added to standard therapy with RAAS inhibition.
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| INTRODUCTION
The antihypertensive and anti-albuminuric response to renin-angiotensin-aldosterone system (RAAS) therapy varies considerably among people with type 2 diabetes.
1,2 People with type 2 diabetes are susceptible to retaining sodium and fluid as a result of disturbed insulin homeostasis. 3 Previous studies have shown that sodium retention and subsequent volume overload are the main determinants of poor response to RAAS therapy. 4, 5 Accordingly, volume restriction by means of co-diuretic treatment or a low sodium diet enhances the blood pressure-lowering and albuminuria-reducing effects of RAAS inhibition. 6 Diuretic treatment is therefore recommended, although not always implemented in clinical practice. As volume excess can exist without symptoms, it is difficult to identify a priori which patients are volume overloaded and will have a less beneficial response to RAAS inhibition; therefore, biomarkers that represent volume status and response to RAAS inhibition are desired.
N-terminal pro-brain natriuretic peptide (NT-proBNP) is secreted from the ventricular myocardium in response to increased myocyte stress and volume overload. 7 This suggests that high levels of NTproBNP may be a marker of excess volume overload in patients without overt heart failure and may be an indicator of response to RAAS intervention.
To test this hypothesis, we performed a post hoc analysis of the ALTITUDE trial in which patients with type 2 diabetes with increased cardiovascular or renal risk were randomly assigned to aliskiren or placebo treatment on top of treatment with angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs). The aim of the present study was to determine whether NT-proBNP predicts the response to aliskiren on cardio-renal endpoints.
| MATERIALS AND METHODS

| Participants and study design
The ALTITUDE trial was a randomized, double-blind, placebocontrolled trial conducted at 854 centres in 36 countries. The study design and principal findings have been published previously. 8 In short, 8561 people with type 2 diabetes mellitus at high risk of cardiovascular and renal events were assigned to either aliskiren 300 mg/d or matched placebo in addition to antihypertensive therapy consisting of an individually titrated optimal recommended dose of ACE inhibitor or ARB, but not both. Randomized participants were followed for a median of 32.9 months for occurrence of cardiovascular and renal events. Inclusion criteria were: persistent macroalbuminuria (urinary albumin:creatinine ratio [UACR] ≥200 mg/g), an estimated glomerular filtration rate (eGFR) of ≥30 to ≤60 mL/min/1.73 m 2 and persistent microalbuminuria (UACR ≥20 mg/g to ≤200 mg/g), or a history of cardiovascular disease (including heart failure New York Heart Association class I/II) and an eGFR of ≥30 and < 60 mL/min/1.73 m 2 . All participants signed informed consent before enrolment, and the study was approved by the local institutional review board of each participating centre.
| Measurements and outcomes
At each visit, participants submitted three consecutive first morning 
| Statistical analysis
The effect of aliskiren compared to placebo on cardio-renal and safety An analysis of covariance (ANCOVA) model was used to assess the treatment effect on albuminuria and blood pressure at month 6. Tests for trends in treatment effects were assessed by adding an interaction term to the ANCOVA model.
For continuous variables that are not normally distributed, such as NT-proBNP and UACR, a natural log transformation was applied before analysis to fulfil assumptions for regression analyses. Differences in baseline characteristics across NT-proBNP tertiles were tested using analysis of variance, with Bonferroni adjustments for multiple comparisons for continuous variables. χ 2 tests were used to test for differences in categorical variables.
Two-sided P values <0.05 were taken to indicate statistical significance. Data were analysed with SAS version 9.3 (SAS Institute, Cary, North Carolina).
| RESULTS
Of the 8561 participants enrolled in the ALTITUDE trial, 5081 (59.5%)
had NT-proBNP measurements available and did not have a history of congestive heart failure at baseline. These were included in the analysis.
In comparing the characteristics of the overall ALTITUDE population with those in whom NT-proBNP was measured, no relevant differences were observed (Table S1 ). The baseline characteristics stratified by tertile of baseline NT-proBNP are shown in Table 1 . Median NT-proBNP levels in increasing tertiles of NT-proBNP were 50, 157 and 534 ng/L, respectively. Participants in the lower NT-proBNP tertile were younger, had lower SBP, a higher eGFR, were less likely to have a cardiovascular disease history, and less likely to use β-blockers or diuretics (Table 1) .
| Baseline NT-pro BNP predicts effects of aliskiren
The effect of aliskiren compared with placebo on albuminuria and SBP was modified by baseline NT-proBNP level (P for interaction albuminuria = 0.004 and P for interaction systolic SBP = 0.009). In the aliskiren group, compared with the placebo group, there was a significant reduction in UACR and SBP of 22.2% (95% CI -29.0 to −14.8) and 3.2 mm Hg (95% CI -5.0 to −1.4), respectively, in the lowest NTproBNP tertile, whereas aliskiren had no effect on these surrogates in the upper NT-proBNP tertile ( Figure S1 ).
The effects of aliskiren on cardio-renal endpoints were also modified by baseline NT-proBNP level (P for interaction = 0.009). that aliskiren tended to increase the risk of cardiorenal events at higher NT-proBNP levels ( Figure S2 ).
| Effect of aliskiren vs placebo on safety outcomes according to baseline NT-proBNP levels
The HRs for adverse event rates in the aliskiren group vs placebo according to NT-proBNP tertile are shown in Figure 1 . The administration of aliskiren resulted in similar relative effects on hyperkalaemia, acute kidney injury or hospitalization for acute kidney injury, irrespective of baseline NT-proBNP levels.
| DISCUSSION
The present study shows that the relative risks for cardiovascular and renal events achieved with the direct renin inhibitor aliskiren as adjunct to RAAS blockade are modified by baseline NT-proBNP levels.
At higher NT-proBNP levels, aliskiren compared to placebo increased the risk of the cardio-renal endpoint, while in the lower NT-proBNP tertile, treatment with aliskiren tended to reduce cardio-renal risk.
These results suggest that NT-proBNP, a marker of vascular wall stress and fluid overload, can possibly be used to identify patients more likely to respond to dual RAAS inhibition with aliskiren.
Volume overload is frequently observed in patients with type 2 diabetes at high cardio-renal risk. 12, 13 Extracellular volume restriction, by means of moderating dietary sodium intake or concomitant diuretic treatment has been shown to improve the albuminuriareducing and blood pressure-lowering response to RAAS blockade as well as the efficacy of RAAS blockade to decrease cardio-renal risk. 5, 14, 15 The present study shows that NT-proBNP can help to identify individuals who may not respond to dual RAAS inhibition with aliskiren and who may benefit from diuretic treatment or dietary sodium-lowering. Indeed, it has been shown that hydrochlorothiazide or a low sodium diet is particularly effective in reducing albuminuria and lowering blood pressure in patients with NT-proBNP levels >125 pg/mL who were already receiving a maximum dose of losartan. 16 Whether diuretic treatment or a low sodium diet as adjunct to RAAS blockade will prevent cardio-renal endpoints in patients with high NT-proBNP requires further study.
The primary results of the ALTITUDE trial showed that aliskiren did not confer renal or cardiovascular protection in patients with type 2 diabetes at high risk. We previously showed that patients with a > 30% reduction in albuminuria during the first 6 months of the ALTITUDE trial had a substantially lower cardio-renal risk compared to patients with a modest increase in albuminuria. 17 We now extend these findings and demonstrate that baseline NT-proBNP enables the selection of subgroups of patients who will or will not benefit from aliskiren. We also showed that low and high NT-proBNP levels were independently associated with presence or absence of a reduction in SBP and UACR, while adverse event rates, including hyperkalaemia and acute kidney injury, were similar across NT-proBNP tertiles.
Moreover, these results support our previous finding that patients with a lack of reduction in albuminuria were probably volume overloaded and therefore did not respond to aliskiren.
How do the results of our study relate to the current literature? A previous post hoc analysis of the I-PRESERVE trial in patients with heart failure showed that, although NT-proBNP independently predicted allcause mortality and cardiovascular hospitalizations, the response to ARB therapy was attenuated with higher NT-proBNP levels. 18 Additionally, the efficacy of statins in patients with elevated cardiovascular risk also appears to be higher in patients with lower NT-proBNP levels, although the mechanisms by which statin treatment would be more beneficial in patients with low NT-proBNP are incompletely understood. 19, 20 The present study extends these previous findings to a broad population of patients with type 2 diabetes with or without cardiovascular disease and varying levels of kidney function and albuminuria.
The main limitation of this post hoc analysis of the data from ALTITUDE is that sodium intake and diuretic use were not standardized. Indeed during the trial, participants were advised to start diuretic treatment; however, this limitation may have led to an underestimation of the reported interaction between the aliskiren treatment effects and NT-proBNP levels. Secondly, significant differences in baseline characteristics were observed across NT-proBNP tertiles. It is therefore possible that participants in the highest NT-proBNP tertile were sicker and therefore responded poorly to aliskiren, independent of the actual NT-proBNP level; however, in multivariable Cox regression analyses the interaction between aliskiren treatment and NTproBNP persisted, suggesting that the interaction was independent of other patient and disease characteristics. Nevertheless, we cannot exclude residual confounding, and a prospectively designed clinical trial is required to prove this hypothesis.
In conclusion, NT-proBNP, a marker reflecting volume overload, may predict the effect of the response to aliskiren on surrogate and clinical outcomes when added to conventional therapy with RAAS blockade in patients with type 2 diabetes at high renal or cardiovascular risk.
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